Abstract-The behavior of TM-wave scattering from two dielectric-filled semi-circular channels in a perfectly conducting substrate is investigated. The scattered field is represented in terms of an infinite series of radial modes with unknown coefficients. By appling separation of variables and employing the partial orthogonality of sine functions, the unknown coefficients are obtained. The resulting infinite series is then truncated to a finite number of terms to produce numerical results. Plotted results for the radar cross sections reveal how the scattering properties may be varied by changing severial physical and geometrical parameters of the structure.
Multiple Scattering From Two Dielectric-Filled
Semi-Circular Channels in a Conducting Plane: TM Case
I. INTRODUCTION
A considerable number of investigations have been performed on the radar cross-section (RCS) analysis for geometries with channels, grooves, and cracks in perfectly electric conducting (PEC) substrates. This is due to the fact that these local guiding structures may excite internal resonances and they sometimes yield scattering contributions that cannot be obtained with other ordinary geometries. The electromagnetic scattering effect from a square groove in a PEC substrate has been treated in [1] - [3] , a semi-circular one in [4] - [6] , and a semi-elliptic one in [7] . Most of the previous research deal with scattering from the single channel or the one filled by dielectric material in a PEC substrate.
In this paper, multiple scattering from two adjacent semi-circular channels with different radii and permittivities in a PEC plane is solved by employing the radial mode matching method, and the addition theorem for cylindrical Bessel and Hankel functions.
II. BASIC FORMULATION
Two parallel, infinite long, semi-circular channels and are placed in PEC as shown in Fig. 1 of TM polarization with respect to the axis incident upon the two channels. The direction of the incident field makes an angle with the axis. The incident electric field component is represented by (1) where , is the th-order Bessel function of the first kind, and . The -component of the scattered electric field from channel can be written as (2) where are refered to as the TM scattering coefficients of channel , and is the Hankel function of the second kind. Similarly, the component of the electric field inside cylinder can be written as (3) where are the TM internal (index ) coefficients of channel , is given by (4) The total fields in the regions of should include the original incident field, the scattered field from channel 1, and 0018-926X/02$17.00 © 2002 IEEE the scattered field from channel 2. The total field outside the two channels is then (5) where or . To determine the unknown coefficients , ,
, and , it is necessary to match the boundary conditions of tangential Eand H-field continuities at . To apply boundary conditions at , the field outside channel must be expressed in terms of the coordinates of channel . In order words, in (5) must be transformed to . This is possible using the addition theorem for cylindrical Bessel and Hankel functions [7] . Therefore, (5) can be written as (6) where .
(7)
Application of the boundary conditions of the tangential field continuities at yields four coupled linear equations for the scattering coefficients. It is possible to simplify them further by eliminating the coefficients of the internal fields using the orthogonal property of the sine function. The scattering coefficients from channel are then obtained and represented as (8) where Kronecker's delta function , if or , if otherwise. For two channels, (8) can be written in the following matrix form:
The submatrices are given by
and the elements and are given by 
(15)
and the elements of the vector are given by (17) and the vector represents the unknown expansion coefficients of the scattered field from the two channels. Equation (9) can be solved numerically to obtain the unknown scattering coefficients.
The far-scattered electric field can then be computed after using the large argument approximation of the Hankel function and the far field approximations and 
III. NUMERICAL RESULTS
The normalized backscattered field magnitude versus for two identical dielectric-filled channels with normal incidence and is shown in Fig. 2 for three different distances ( , , and ). Note that the backscattered patterns show similar features to those of the single channel for normal incidence. Fig. 3 shows the behaviors of the normalized backscattered field magnitude versus for two different dielectric-filled channels with normal incidence and . The resonance in scattering may be attributed to the multiple scattering process.
One of the advantages of the proposed method is the possibility of computing the scattered field pattern from two channels including or without the mutual interactions by simple setting the elements in the off-diagonal submatrices to zero. To illustrate the effect of mutual interaction on the scattered field pattern, Fig. 4 shows the far-scattered field pattern of two identical dielectric-filled channels each of radius , , which are located symmetrically with respect to the axis. They are separated by a distance equal to and excited by an incident TM plane wave with and . The solid and dashed lines represent the patterns with and without all mutual interactions between the two channels, respectively. For the case of , significant change in the scattered field is obvious due to multiple interactions. Since the interaction component of the scattered field is an important quantity in the multiple scattering, the effect of electrical separation between the centers of the two dieletric-filled channels is investigated in Fig. 5 for . As expected, the interaction field is found to be decaying with respect to and tends to zero when is increased to infinity.
In Fig. 6 , the behavior of in the neighborhood of two dielectric-filled channels is plotted for , , , and , , respectively, corresponding to the cutoff wavenumbers of the TM and TM circular waveguide modes. The field patten of characteristics inside the channels is similar to those of waveguide mode. From Fig. 6 , it can be seen that the boundary conditions on the conducting plane and dielectric cylinder are satisfied.
IV. CONCLUSION
The analysis of plane wave scattering from two dielectric-filled parallel channels is derived rigorously for TM polarization. The analysis is cast into a form that is simple for computations as well as for predicting the effect of mutual interactions between two dielectric-filled channels. 
